Sintered, textured and single crystal products of the layered misfit [Bi 0.81 CaO 2 ] 2 [CoO 2 ] 1.69 cobaltite have been successfully synthesized and characterized. Based on structure and texture models, the orientation distribution of the hot-forged sample was successfully analysed by neutron diffraction. The results gave a clear description of the fiber texture with c-axes of the plate-like grains aligned parallel to the hot-forging direction. In terms of transport properties, the decrease of the electrical resistivity according to the degree of alignment and crystallinity of the materials evidenced the important role of the texturation and the strong anisotropy existing in these misfit layered cobaltites. #
Introduction
Since the discovery of large thermoelectricity in Na x CoO 2 [1] , enthusiastic efforts have been devoted to explore new Co oxides exhibiting high thermoelectric performances, and some layered cobaltites, such as [Ca 2 1 .82 were found to exhibit good thermoelectric (TE) properties as well [2] [3] [4] .
The crystal structure of these layered cobaltites is composed of an alternate stacking of a common conductive CdI 2 -type CoO 2 layer with a two-dimensional triangular lattice and a block layer, composed of one (in Na x CoO 2 ) to several insulating rock-salt-type (RS) layer (in [ 2 layers have common a-and c-axes, while the baxis lengths of the two layers are different. This misfit system exhibits a large thermopower TEP 300 K $ 150 mV/K and a rather low resistivity value [5] [6] [7] . Due to its high structural anisotropy, the alignment of plate-like grains by 
Experimental
The synthesis of the different samples was carried out in several ways:
(1) The polycrystalline sample was prepared by solid-state reaction between Bi 2 O 3 , CaCO 3 and Co 3 O 4 precursors. These powders were mixed by ball-milling in the compositions Bi 2 Ca 2 Co 1.69 O x . The powder mixture was then pelletized into cylinders (18 mm in diameter, 2 mm thick) and sintered in air at 850 8C for 50 h. (2) The textured sample was elaborated by the hot-forging method. Sintered pellets as prepared above were manually ground and sieved (sieve aperture 80 mm). The resulting powders were cold-pressed under uniaxial pressure of 120 MPa into 20 mm Â 20 mm square pellets with a thickness of 2 mm. The pellet was then placed in a hotforging furnace between two 0.06-mm-thick gold sheets to avoid any reaction with the alumina supports. The uniaxial pressure used during heating was 6 MPa and the operating temperature was fixed at 850 8C for 20 h. The sintered and textured specimen were cut, respectively, into 3 mm Â 3 mm Â 10 mm and 3 mm Â 0.3 mm Â 10 mm rectangular bars for the transport properties measurements. The structural analysis of the powder specimen was performed using X-ray diffraction (XRD) on a two-circle diffractometer (Rigaku RINT-TTR) with the Cu Ka radiation. The structure of the single crystal was analysed through a global data collection using a four-circle Bruker KappaCCD diffractometer using the Mo Ka radiation. The texture of the hot-forged sample was determined from neutron diffraction spectra. A curved position-sensitive detector coupled to a tilt angle (x) scan allowed the whole diffraction pattern treatment in the combined Rietveld-WIMV algorithm, implemented in the MAUD software [8] . X-ray structural determination performed on the single crystal [9, 10] was used to describe the 3D structural model of the [Bi 0.81 CaO 2 ] 2 [CoO 2 ] 1.69 phase in the MAUD software using the supercell description, and to determine through an iterative methodology the texture of the cobaltite. Experiments were carried out on the D1B neutron line at the Institut Laüe Langevin, Grenoble. The neutron wavelength is monochromatised to l = 2.523 Å . Diffracted neutrons are collected on a 808 (resolution 0.28) 2u range. Scans for combined analysis were operated from x = 0 to 908 (step 58) using a fixed incidence angle v of 25.118. The average volume of the sample is 100 mm 3 , this corresponding to measuring times around 20 min per sample orientation.
The microstructures of the specimens were observed by scanning electron microscopy (SEM). Energy and wavelength dispersive spectroscopies (EDS, WDS) were used to determine the cationic composition of the grains and single crystals. The temperature dependence of r was measured by a standard four-probe method using a Quantum Design PPMS system (5-300 K). Thermopower measurements were performed with an experimental setup described elsewhere [11] .
Results and discussion
The composition of the single crystal was estimated to be Bi 1.62 Ca 2 Co 1.62 O x whereas the grains of the sintered and textured specimens have an average composition of Bi 1.75 Ca 2 Co 1.65 O x . This is almost consistent with results reported by Leligny et al. [4] . The close compositions found on the three samples, except a slightly different Bi deficiency, prove the high stability of the cobaltite phase and mainly show that both Co and Bi layers are deficient in cations (the non-deficient composition being Bi 2 Ca 2 Co 1.69 O x ). Fig. 2 shows the standard u-2u XRD patterns of the sintered, textured, and single crystal specimens. The XRD pattern recorded for a typical Bi 1.62 Ca 2 Co 1.62 O x single crystal is shown in Fig. 2a , where the presence of only (0 0 l) reflections indicates that the large grown hexagonal surfaces of the crystal (Fig. 1) are the ab-planes. A thorough description of this complex misfit layered structure was refined using the superspace formalism would not find its place here and is detailed elsewhere [8] .
On the basis of this structural model, the XRD pattern of the sintered specimen was successfully indexed (Fig. 2b) . No peaks corresponding to impurity phases are observed. Fig. 2c shows the XRD pattern of the textured sample obtained for the surface perpendicular to the hot-forging direction. The pattern exhibits intense diffraction peaks from (0 0 l) crystallographic planes, indicating that the c-axis is preferentially oriented parallel to the hot-forging direction.
In order to calculate the orientation distribution (OD) of crystallites which defines the texture of the material, neutron diffraction was performed on the hot-forged sample. Fig. 3 shows the measured neutron diffraction pattern for all x orientations of the sample. This graph highlights without ambiguity the (0 0 l) texture. In particular, we clearly observe the intensity decrease of the (0 0 l) peaks when x increases and the appearance of the (h k 0) peaks when x tends to 908.
Based on a 3D structural model, reconstructed from the single crystal data, the whole diffraction pattern was refined. In Fig. 4 , we can visually appreciate the agreement between the experimental (dots) and refined (lines) spectra for all the x orientations, even if a diffracted peak, also observed by XRD (see '?' in Fig. 2c ), has not been identified. The refinement reliability is established by RP0, RP1 for the Orientation Distribution (OD) refinement, and R w and RB factors for the Rietveld data, equal to 6.5, 4.2, 9.6, and 6.1%, respectively. Fig. 5 shows the {0 0 6}, {0 2 4} and {1 0 0} pole figures recalculated from the refined OD. The {0 0 6} pole figure exhibits a strong maximum for c-axes parallel to the sample normal. The {0 2 4} pole figure presents a small circle at the x position around 608, a value equal to the angle between the (0 0 6) and (0 2 4) directions in the reconstructed 3D monoclinic structure. The maximum of the distribution density around x = 908 for the {1 0 0} pole figure is also compatible with the expected fiber texture and the structure. From the point of view of the texture development, it is really important to check which (h k l) planes align with their normals along the z-axis (normal to sample surface), which cannot be evidenced straightfully by only the pole figures in the given 2u range. For instance, if small textural components with <h k l> directions (other than <0 0 l>) also align with the sample normal, these would not be easily visible on the pole figures of Fig. 5 themselves, though they would contain all the information. In order to visualise these eventual small components, the full representation of the OD is required, which in the case of the fiber textures can be represented by the inverse pole figures (Fig. 6 ) calculated for the z fiber direction, parallel to the hot-forging direction. It shows that the main component present in the sample is with the (0 0 l) crystallographic planes perpendicular to the hot-forging direction.
In terms of microstructure, SEM images shown in Fig. 7 highlight the texture development through the hot-forging process. The large plate-like grains, randomly oriented in the sintered sample (Fig. 7a) , are stacked and aligned preferentially with their average c-axes parallel to the hot-forging direction (Fig. 7b) . Fig. 8 shows the temperature dependence of the electrical resistivity. In the case of the single crystal and textured specimens, the resistivity was measured along the ab planes and mean ab planes, respectively. The temperature dependences show a semiconductor behavior from 5 to 250-300 K where a slight transition to a metallic state can be observed depending on the sample. The interesting point stands in the evolution of r according to the sample state. Whereas the sintered sample exhibits a r value at room temperature close to 90 mV cm, the hot-forged sample presents a resistivity of 26 mV cm, almost four times lower than the previous. The single crystal shows a resistivity of 11 mV cm, only two times less than the textured compound. These results highlight the strong anisotropy of the Cobased misfit layered structure and the advantage of the texture development to reduce the resistivity of the materials for optimised thermoelectric properties of potential devices. Fig. 9 shows the thermopower of the prepared samples. The in-plane thermopower of the single crystal is 150 mV/ K, and that of polycrystalline samples is about the same value. It evidences that the thermopower is not affected by the material shape, contrary to the electrical resistivity.
Conclusion
[Bi 0.81 CaO 2 ] 2 [CoO 2 ] 1.69 sintered, textured and single crystal products have been successfully synthesized and characterized. Based on structure and texture models, the orientation distribution of the hot-forged sample was successfully analysed by neutron diffraction. The results give a clear description of the texture and the alignment of plate-like grains with their c-axes parallel to the hot-forging direction. In terms of transport properties, the decrease of the resistivity according to the degree of alignment and crystallinity of the material evidences the important role of the texturation and the strong anisotropy existing in these misfit layered cobaltites.
